The Alzheimer' s disease (AD) is the most diagnosed dementia in late life and one of the most incapacitating syndromes of elderly. AD progression is characterized by impairment in episodic memory, associated with at least one more cognitive deficit (agnosia, executive dysfunction, apraxia or aphasia). Furthermore, AD patients always present functional impairment in comparison to their previous level of performance 1 . The impairment in language abilities is a common feature of AD, even in early stages. The neuropsychological evaluation of language in AD patients usually reveals deficits in language production and comprehension 2 . Furthermore, lexical and semantic processes are often impaired, leading to communication deficits commonly referred to as an aphasic syndrome 3. Due to the expressive role that communication (specially spoken language) plays in daily life functioning, the evaluation of these abilities is essential for diagnosis, treatment and even for cognitive assessment interpretation in AD patients. One of the most significant language impairments is the deficit in verbal comprehension abilities, including the process of accurately understanding verbal orders. Previous studies indicate that comprehension deficits are associated with poor social interaction and quality of life 4 . In this context, effective ways of evaluating comprehension skills may play a crucial role in patients' rehabilitation.
A useful neuropsychological task devised to assess comprehension is the Token test (TT), a screening tool for deficits in receptive language in aphasics 5 . It consists of a series of colored tokens in squared or round forms and two different sizes, and the patient is instructed to perform a series of commands over them, such as "touch the red circle" or "touch the small yellow square and the big red circle". The test has shown great efficiency in detecting and characterizing comprehension impairments. It has some advantages for the appraisal of these features, such as easiness of testing, non-verbal output, different levels of complexity, low cost and quick application [5] [6] [7] [8] . The TT is a worldwide screening tool with psychometric studies in several countries 8 . The test presents several different versions, including a short one 9 . Similarly to other countries, there are several Brazilian studies suggesting the clinical applicability of the TT to language assessment in children 6 , adults 10 and elderly 7, 11, 12 . Nonetheless, there are not Brazilian studies assessing psychometric properties of the TT, such as its validity, on Brazilian elderly subjects.
Therefore, this study aimed at investigating psychometric properties of the TT short version, for example, its internal consistency and the effects of aging, formal schooling, gender and depressive symptoms in test performance, as well as analyzing TT's construct validity, the test criteria validity for mild AD and comparing test performance between these patients and normal controls (NC).
MetHODS
Sample and procedure A total of 160 participants, 80 diagnosed with probable mild AD by the NINCDS-ADRDA criteria 13 and 80 NC were studied in the present work. The inclusion criteria in the second group was absence of neurological or psychiatric diseases investigated by a clinical interview conducted by the neuropsychologist, no functional impairment (evaluated via Lawton-Brody Inventory 14 ), total score above the appropriated cutoff score on the Mini-Mental State Exam (MMSE) Brazilian Version following the formal education criteria 15 and GDS-15 scores below the proposed cutoff for depression in older Brazilians 16 . AD patients were examined at least by one gerontologist and one clinical neuropsychologist. Diagnoses were defined by a consensus of a multidisciplinary assessment in agreement with the previous criteria. All AD participants pursued their treatment plans, which included taking cholinesterase inhibitors. The Table 1 shows the patients demographic data.
token test short version
The short version contains 36 orders which must be performed by the patient in 20 wooden pieces ( five small squares, five big squares, five small circles, five big circles, each one presented in five colors -green, red, yellow, black and white). The test is divided into six parts, in that the orders become progressively more complex. Test total score is computed by the sum of correct items (one point each).
Procedures
The participants performed the short version TT, MMSE 15 , semantic verbal fluency (animals, fruits) (SVF), and forward Digit Span (DS) and Corsi Blocks 17 (CB), two tests designed for the evaluation of verbal and spatial working memory, respectively.
Psychometric properties
The aim of the psychometric study of the TT is to assess its applicability and potential use as a neuropsycho- logical measure of verbal comprehension. The first step was the analysis of the test internal consistency, which was calculated by the Cronbach's alpha for the 36 items. It was expected from moderate to high internal consistency by this method, since test orders and its difficulty level broadly vary along the test. The second step was to assess the association between the TT performance and age (years), schooling (years) and depressive symptoms measured by the geriatric depression scale (GDS) 18 , using Person's correlation. Construct validity was first analyzed by partial correlations (controlled by age, education and depressive symptoms) between the TT and other neuropsychological tests (MMSE, SVF, DS and CB). Then, a principal components analysis with varimax rotation was performed, in order to evaluate the TT latent structure. Considering the bias from the two procedures, pointed by Delis et al. 19 , it is seen that they were performed independently in the controls, in the clinical group and also in the mixed sample. Since this procedure may be more useful for construct validity when performed among homogeneous samples, only patients with mild AD were included in this study. Differences in the factor structure possibly represent changes in performance in the evaluated construct, which may be more evident when the patterns of variance and correlation between different populations are analyzed. The confidence level for all the analyses was defined at 0.05.
Group comparisons
The AD patients were compared to healthy older adults matched by age, gender and educational background (total years of formal schooling) by independent sample's t-tests, and the effect sizes were computed by the Cohen's d. For these group comparisons, the TT raw scores and also the scaled scores proposed by Moreira et al. 7 in the test normatization for Brazilian older adults were used. Scaled scores had the advantage of gender, age and educational control, offering a more unbiased result. The receiver characteristic operator curve (ROC) analysis was used to evaluate the sensitivity and specificity of the TT for AD diagnosis when compared to NC. The confidence level for all the analyses was 0.05.
reSUltS
The 36 items of the TT show from moderate to high internal consistency in controls (α=0.746), AD patients (α =0.809) and the whole sample (α=0.837).
In controls, the TT score correlated with education (r=0.533; p<0.001; r²=0.28) and the GDS score (r=-0.311; p<0.005; r²=0.10), but in AD no significant correlations were found between the TT and demographic data. Considering all the participants, significant correlations were found only between the TT and education (r=0.324; p<0.001; r²=0.10).
Considering the association between the TT and other neuropsychological measures, a significant partial correlation was found only with the MMSE (r=0.398; p<0.001; r²=0.16), and trends with DS (r=0.198; p=0.084; r²=0.04) and the Clock Drawing Test (r=0.217; p=0.058; r²=0.05) in the NC were found. In AD patients, the TT was related to the MMSE total score (r=0.343; p<0.001; r²=0.12) and to CB (r=0.290; p=0.011; r²=0.08), and trends were found with DS (r=0.203; p=0.076; r²=0.04) and SFV "fruits" (r=0.215; p=0.060; r²=0.05). When the performance of all the participants was considered, the TT score was correlated with all the other neuropsychological measures, MMSE (r=0.505; p<0.001; r²=0.26), SVF "Animals" (r=0.331; p<0.001; r²=0.11), SVF "fruits" (r=0.317; p<0.001; r²=0.10), DS (r=0.220; p=0.006; r²=0.05) and CB (r=0.334; p<0.001; r²=0.11).
The principal component analysis reveals a two-component structure in controls, in AD patients and in the whole sample ( Table 2 ). The consistency of the components was the same to the three groups, with approximated Eigenvalues and total variance explained. The first component seems to be more related to verbal comprehension, while the second one seems to be more related to attention. For further exploration, the TT was used in another principal component analysis, this time also containing the MMSE total score, SFV total words, DS and CB results. These results are exposed on Table 3 .
The control group and AD patients mean and standard deviation of age, education, depressive symptoms, as well as the test scores for each neuropsychological measure, significance of the t-tests, effect sizes and area under curve were exposed on (case/non-case) shows the best balance in sensitivity and specificity (0.725/0.637), and the cutoff 9/10, the best for scaled scores (0.650/0.675). The AUCs of the TT can be classified as weak/moderate.
DiScUSSiON
The TT shows from moderate to high internal consistency, confirming our prediction. This finding indicates that the test items had a good correlation pattern, however not being redundant. We didn't find studies in Brazil which analyzed the test internal consistency, notwithstanding our results are similar to those from Gallardo et al. 20 and Spellacy and Spreen 21 . In controls, the test was significantly correlated with education and depressive symptoms, but not with age. Nevertheless, these correlations were not significant in the AD group. The moderate correlation between education and test performance was congruent with Moreira et al. 7 findings, except by the lack of association with age, since the author and other studies 11, 12 have found that data. The influence of depressive symptoms in the TT is not well documented, but the weak correlation found in our study indicates that depression may be associated with worst performance, as pointed by Brown et al. 22 . The different pattern of correlations between the TT, the socio-demographic data and other cognitive measures, according to groups, can be analyzed through the concept of cognitive reserve. Lower age and formal education are associated with cognitive reserve, which may delay the expression of clinical features of AD 23 . In this perspective, the correlation between age, education and cognitive performance in healthy older adults may be seen as an expression of cognitive reserve. However, after the dementia onset, these two features may not influence cognitive performance, since cognitive reserve is reduced or depleted. Our findings suggest that indicators of cognitive reserve may influence the period of onset of dementia, but, when the syndrome is stabilized, the moderate effect of this variable may not influence performance on the TT.
The highest correlations found between the TT and other cognitive tests in all the three groups were those with the MMSE. Our results are similar to Swihart et al. 24 , although this author had found even higher correlations. Considering the total sample, the TT also correlates moderately with DS, CB, SVF "animals" and SVF "fruits". The correlation between the TT and verbal fluency was well established in our previous study in a children sample 6 . However, in normal aged controls (NC) no significant correlations were found besides the MMSE's. This result may account for the independence of the construct evaluated by the TT when compared to tasks of working memory and executive functions. In AD patients, a significant correlation was found between the TT and CB, suggesting that nonverbal working memory may play a role on the test performance.
The TT component structure indicates that two major factors explain most of test variance in the three groups. The first component, named Complex Verbal Comprehension, had greater factor loadings in the TT parts two, four, five and six, while factor 2, Simple Verbal Comprehension, showed greater loadings in parts one and three. Surprisingly, the second part of the TT loaded on the component one. The seven first items of the test screen the ability to correctly identify each stimulus (shape, size and color), while, in the second part, a comprehension process is more evident, demanding a different behavior. However, in the third part, while the commands are still simple and the subject has comprehended the test structure, the attentional process is more evident, changing only when the commands become more complex.
Our results are different from those presented by Hula 25 , according to whom the TT first five components loaded on one factor and the last part loaded on another. Mansur et al. 10 , exploring the speech and language disturbances in adults, found that only the first part of the TT was not able to differentiate controls from aphasic patients. According to these findings, our results can also be interpreted in another way. Assuming that the third part of the test was expected to load on the Complex Verbal Comprehension factor, we can suppose that the existence of two similar commands, in the parts two and three, enables the occurrence of a priming effect which can act like a facilitator for the comprehension process. Also, differences in the test version and in the studied population may influence this finding inconsistency. When the principal component analysis was performed with the TT and other neuropsychological measures, a three component structure was the most adequate for all the groups. The three factors seem to represent a general-cognition/comprehension, verbal fluency and working memory components, respectively. As expected, due to the previous correlation, the MMSE and the TT loaded on the same component in the three groups. These results differ from prior findings using the same tests in a heterogeneous cognitively impaired sample, suggesting a more characteristic pattern of mild AD 12 . Interestingly, the forward CB loaded partially on the first factor in the AD and the mixed group, indicating an association of spatial working memory and test performance in these, probably because the tests demand visuospatial processing for a motor output. This result and the lack of correlation between verbal working memory performance (measured by the DS) and the TT suggest that the worst performance of mild AD patients would be more associated with the motor output processing and programming rather than with the verbal input processing and comprehension. Future studies may verify the contribution of verbal and spatial working memory on test performance.
The comparisons between AD patients and normal aged controls indicated that AD patients' performance on the TT differs in the Complex Verbal Comprehension component (except for the second part despite its strong tendency to significance), but not in the Simple Verbal Comprehension one. Differences in test score were significant and show great (raw scores) or moderate (scaled scores) effect sizes, suggesting a robust dissociation of test performance when the two groups are compared. However, the ROC analysis indicates only low to moderate sensitivity and specificity. In this regard, as expected, the TT may not be a robust neuropsychological test for the discrimination of mild AD, since the purpose of the test is to detect aphasia. The classical semiology of this syndrome is found in less than 60% of the cases 26 and the expected degree of impairment in those usually is not found in AD early stages. Our findings are supported by other studies using the instrument 23 . The progression of AD neuropathology and cortex diffuse degeneration usually implies a less specific pattern of cognitive impairment. Since language system is a complex cognitive network distributed in several different neuroanatomical regions, usually defined as superior, medial and inferior temporal and frontal gyrus, supramargianl gyrus, angular gyrus, insula, cingulate gyrus and subcortical structures like the ventrolateral and pulvinar nuclei of the thalamus 27 , the disease can affect various of its components, making it difficult to correctly track a language impairment pattern. Considering the perspective of Neuronal Ensembles 28 , critical components of a specific language process (like the comprehension of one of the TT orders) demand a restricted pattern of activation from circumscribed neurons in different brain regions. A lesion in one of these or in the connection fibers between them may disrupt the process, making it difficult to specify the impairment location. There are, however, some considerations about the impaired performance of AD patients in the TT. Based on the cognitive model of single word processing proposed by Morton and Patterson 29 , the verbal comprehension of any single word would depend on the accurate perception of the auditory stimulus, being processed at the auditory input lexicon and analyzed by the semantic system. Since the TT uses instructions in different levels of complexity, a greater involvement of the verbal working memory and an accurate syntactical analysis of each sentence are also required. According to the language model proposed by Shalom and Poeppel 30 , the language processing can be divided in three main processes: analyzing, memorizing, synthesizing, which, in turn, can be divided into different brain regions: parietal cortex, temporal cortex and frontal cortex. All the three processes seem to be related to the TT performance, since the test orders must be analyzed, interpreted based on phonological, syntactical and semantic processes, and synthesized in a motor output (which demands visuospatial analysis, planning skills, motor coordination and spatial working memory). This series of complex cognitive processes demanded for the test execution may increase its sensitivity for language deficits, but implies a lack of specificity, since circumscribed deficits in each task component may be at least partially responsible for impaired performance.
Limitations of the present study should be acknowledged: the sample size, the difficulty to control patients' medications and the absence of another instrument to measure language comprehension to be used as a parameter to validate the TT construct. Together, our results indicate that, while language impairment may be an important feature of AD, the TT should not be used alone in the evaluation process. A comprehensive neuropsychological exam is required to assess other cognitive abilities that may play a critical role in this test performance. Nonetheless, the test has presented robust psychometric properties and specific performance profiles which help to differentiate healthy older adults from mild AD patients.
In conclusion, the TT showed good evidences of psychometric properties and it was a robust instrument in the characterization of language impairments in mild AD patients, but it was not a sensitive and specific tool for detecting the disease. However, the TT is a multi-factorial test, and specific language impairments must be evaluated with some more specific instruments. Moreover, the scaled scores proposed by the most recent Brazilian normatization seem to be a more conservative approach for clinical practice.
